
WILDLIFE RESOURCES IN THE
SAN JOAQUIN VALLEY: HUNTING AND

VIEWING VALUES
Joseph Cooper and John Loomis,

University of California, Davis

ABSTRACT

This chapter quantifies the effects of agricultural drainage on the rec~,,.ational demand
for wildlife resources in the San Joaquin Valley (Valley). The current value of waterfowl
hunting is $3.2 million annually at public refuges and $16.5 million for :he entire Valley.
The value of viewing birds in the Valley is $64.7 million annually. An estimate of the
change in ~terfowl hunting benefits at Kesterson National Wildlife Refuge 0gWR)
resulting from control of agricultural drainage water is made bycombini~g information on
wildlife response to selenium with a quality differentiated demand equal, on for waterfowl
hunting. This simulation illustrates how a bioeconomic analysis of,~zteffowl hunting
benefits from reducing wildlife contamination can be performed.

INTRODUOTION

Wildlife have a variety of values. They have ecological values for other
species ofanimals and plants and for the communities in which theydwell. They
also have ecological and economic values for society at large. Recreational
demand for wildlife is often the largest portion of the total economic value of
wildlife. This chapter examines the effects of agricultural drainage as awetland
water supply on the recreational demand for wildlife resources in the Valley.
An estimate of the change in waterfowl hunting benefits resulting from a
change in the level of drainage is made by combining the methodology and
results of studies done on the recreational demand for Valleywildlife with what
is known about the effects of drainage on the wildlife populations.

This study focuses on the onsite recreational demand for wildlife. Water-
fowl hunting and bird viewing are the primary onsite recreational uses of Valley
wildlife that are affected by agricultural drainage and which have been exam-
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ined in an economic context. The economic value to society from preserving To clarify the a
wildlife in the Valley has recently been performed by Loomis et al. in another wildlife, several te
chapter of this volume. Economic valu.

pay. Consumer su
hess to pay, which i

CONCEPTS OF ECONOMIC VALUE OF WlLDUFE would be willing
represents the con:

Unlike most commercial goods, wildlife species in the Valley are largely nityto, forexamplc
nonmarket environmental resources. Hence, the economic value of the topaybeyondcurr,
wildlife is not readily apparent. A nonmarket good, as opposed to a market to wildlife would b,
good, is one which is not readily traded on the open market. The dollar value birds. Total or gro:
of a market good, a packaged frozen fryer for example, is readily determined: the amount actuall
it is the dollar value- determined through the interaction of the forces of supply of the cost ofpartic
and demand - charged for the good in the local grocery store. On the other the amount in excz
hand, ~terfowl taken in a wildlife refuge are nonmarket goods. The pa.wment It has been su~
the hunter must make to use a public area is the cost of the hunting application. Department of the
Thispa.vment, orfee,isadministrativelysetbytheGovernment, frequentlywith measured in terms
little consideration for the interaction of supply and demand for the animal, damage and mitiga~
Hence, the fee is not a market-clearing price (i.e., the price at which the supply been broadly used i
equals the demand for the good). To make an estimate of what the market- fer, 1978; Just, Hue
clearing price would be if there was a market for the good, some sort of The CVM and tl
nonmarket resource valuation techniques are needed. Possible techniques to ing the recreational
measure economic values of recreation include the Hedonic Price Approach, as "the bidding me
the Contingent Valuation Method (CVM), and the Travel Cost Method established for son
(TCM). particular site. Ino~

In addition to economicvalues ofonsite recreation use and commercial uses maximum amount
of wildlife, there are many offsite user values. These include option, existence, fees. In close-endc
and bequest values, all of which can be held by the general population as well

r
asked whether he o

as recreationists. Option value can be thought of as an insurance premium dollaramountvari
people would pay to insure availability of wildlife recreation opportunities in" ity of the responden
the future. Existence value is the economic benefit received from simply~ expected value of ¯
knowing wildlife exist. Bequest value is the willingness to pay (WYP) for"~- discussionofthestr
providing wildlife resources to future generations. While option and existence~/ or Cummings et al.
values may be present for manufactured consumer goods, Randall and Stoll Researchon rhea
(1983) claim those values are likely to be empirically insignificant in size ,.. bought and sold 1-
compared with the value of certain scarce wildlife species. Since the focus of Two parallel marke
this chapter is recreation, offsite values are not quantified here. However, surveyed could act
offsite values can be estimated through survey techniques such as the CVM, as of hunters, identica
discussed for the Valley in the chapter by Loomis et al. Comparison of the r

value 25 percent hig
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lue to society from preserving To clarify the discussion of the economic benefits of hunting and viewing
~ by Loomis et al. in another wildlife, several terms will be defined in this section.

Economic value is measured in terms of the consumer’s net willingness to
pay. Consumer surplus is the economist’s term for the consumer’s net willing-
hess to pay, which is the maximum increase in price above current costs a person

WlLDUFE would be willing to pay to purchase a good or service. Consumer surplus
represents the consumer’s additional (net) willingness to pay for the opportu-

~ -_-5"_es in the Valley are largely laity to, for example, hunt at some specific site. It is net or additionalwillingness

: the economic value of the to paybeyond current expenditures. Examples ofa"good or service"as related
~ood, as opposed to a market to wildlife would be a waterfowl hunting trip or the experience of viewing wild
,pen market. The dollar value birds. Total or gross willingness to pay is the sum of net willingness to pay and
~--_mple, is readily determined: the amount actually spent on the good. Since the amount actually, spent is part
~r-,ction of the forces of supply , of the cost of participation, the benefits (i.e., the net willingness to pay) are just
~ grocery store. On the other the amount in excess of what people spend.
¯ ,market goods. The payment It has been suggested (U.S. Water Resources Council, 1983 and U.S.
._~tofthehuntingapplication. Department of the Interior, 1986) that economic values lost to society be
_Government, frequentlywith measured in terms of net willingness to pay in assessing natural resource
~y and demand for the animal, damage and mitigation measures. The net willingness-to-pay criteria has also
-. the price at which the supply been broadly used in textbooks on Benefit Cost Anal.~ses (Sassone and Schaf-
intimate of what the market- fer, 1978; Just, Hueth, and Schmitz, 1982).
:.- for the. good, some sort of The CVM and the TCM are the dominant methodologies used in estimat-
- e.Sexl. Possible techniques to ing the recreational value of wildlife resources. CVM is sometimes referred to
the Hedonic Price Approach, as "the bidding method." In essence, a hypothetical but realistic market is
~,_d the Travel Cost Method established for some type of nonmarket good, say a recreational trip to a

particular site. In open-ended questions, the respondent is asked to specify the
~tion use and commercial uses maximum amount he or she would pay for that trip, including access and use
-,ese include option, existence, fees. In close-ended (or dichotomous choice) questions, the respondent is
:he general population as well asked whether he or she would pay some amount stated in the question. This
t of as an insurance premium dollar amount varies from individual to individual. By evaluating the probabil-
.re recreation opportunities in ity of the respondent stating "Yes I would pay the [specific dollar amount]," an
benefit received from simply expected value of willingness to pay can be computed. For a thorough
:~illingness to pay (WTP) for discussion ofthestrengths and weaknesses of the CVMsee Schulze et al. (1981)
~.~_ While option and existence or Cummings et al. (1986, and this volume).
,,~er goods, Randall and Stoll Research on the accuracy of CVM has been performed by Welsh (1986),who
,pirically insignificant in size bought and sold 1-day deer hunting tags for the Sandhill Demonstration area.
ire species. Since the focus of Two parallel markets were established: (1) A real market where the hunters

,t quantified here. However, surveyed could actually buy the deer tags for real money and (2) a CVM survey
~h_niques such as the CVM, as of hunters, identical to (1) with the exception that no cash changed hands.
¯ is et al. Comparison of the results from the two markets showed that CVM yielded a

value 25 percent higher than the actual cash value of the deer hunting tag.
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Loomis (1989) tested the reliability of the CVM using the test-retest Reports foryears prior to l
approach. In surve.~ of both visitors and the general public, willingness to pay only 1982 is included here.
responses were not statistically different between the first survey and the variability, hunter take and h
second survey 9 months later, the last few years. By the Oci

The TCM statistically traces out a demand equation, using observations of (not included in table 1), only
travel distance as a measure of price and number of trips taken as a measure of refuges in the Valley.
quantity. The resulting first stage, or per capita demand equation allows the
. calculation of the additional amount a recreationist would pay over travel costs
(i.e., consumer surplus) to have access to a particular wildlife site for viewing,

Wildlife Viewing Statisticshunting, or fishing. This calculation is made using a "second stage," or site,
demand curve that relates added distance or added travel cost of, for example,

A mail survey of 3,000 ran,trips to a particular hunting area. See Clawson and Knetsch (1966); Dwyer, in 1987 provided the data fo[Kelly, and Bowes (1977); Sorg and Loomis (1985); or Ward and Loomis (1986) University of California, Davifor a discussion of the basic TCM approach, a professional survey research
questions about viewing bit,
undeliverable questionnaires,

IMPORTANCE OF WiLDUFE RESOURCES IN THE percent. Whileahigherrespo,
SAN JOAQUIN VALLEY rate is acceptable and belie:

focused interest in wildlife. It
Waterfowl Hunting Statistics for the Valley similar CVM surveys conduct_.

The respondents, each repr,
Table 1 presents waterfowl hunting statistics for California counties in the to answer questions on whei

Valley for theyears 1983 through 1985. Waterfowl considered include ducks, recreation trips during the 12
geese, and coots, which together form the vast majority ofthewaterfowl species presents the summary statisti,
hunted in the Valid-. The table aggregates California Department offish and Valley during 1987 for the p~
Game (DFG) data (various years) for San Joaquin, Stanislaus, Merced, Mad- presents the summary statistic
era, Fresno, Kings, Tulare, and Kern Counties, which comprise the geographi- taken in the Valley during 198
cal area of the Valley. ¯ category includes the data on

birds plus trips for all otherre,
Table 1. Waterfowl hunting use for the San Joaquin Valley (includes Table 2 is organized by cou,

hunting on both public and private lands), returned specifying Valleycou,
the total number of trips to ca,_

Year Take Hunters Hunter-days Note that for primary purpose
counties of San Joaquin, Merc,

1985 468.508 37,779 265,727 Because onlya percentage oi
1984 445,184 40,212 255,816 the data on trips must be expa~-
1983 567,226 39,100 308,016 estimated total trips in table 2,
1982 501,688 36,603 NA difference between the actual p

sample.
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~f the CVM using the test-retest ~ Reports foryears prior to 1983 do not present the hunter-days bycounty, and
te general public, willingness topay ! only 1982 is included here. Although the table exhibits a great deal of
between the first survey and the : variability, hunter take and hunter days have exin~bited a downward trend over

the last few years. By the October 1987 through January 1988 hunting season
!n_d equation, using observations of (not included in table 1), only 27,603 hunters were recorded at the seven public
;tuber of trips taken as a measure of refuges in the Valley.
capita demand equation allows the
~ationist would pay over travel costs
particular wildlife site for viewing, Wildlife Viewing Statistics
He using a "second stage," or site,
~r added travel cost of, for example, A mail survey of 3,000 randomly selected California households conducted
~,,wson and Knetsch (1966); Dwyer, in 1987 provided the data for the analysis. The survey was conducted by the
(1985); or Ward and Loomis (1986) University of California, Davis, using a population-weighted sample drawn by

~oa professional survey research firm (Survey Sampling, inc.). The..survey asked
~questions about viewing birds and deer in California. After deleting the

undeliverable questionnaires, the overall response rate to this survey was 44
~n~,CES IN THE percent. While a higher response rate would have been desirable, this response

rate is acceptable and believed to be representative of Californians with
focused interest in wildlife. It is equal to or greater than the response rates for
similar CVM surveys conducted in California over the last few years.

The respondents, each representing a California household, were requested

~tics for California counties in the to answer questions on whether they saw any wild birds on any outdoor

~teffowl considered include ducks, recreation trips during the 12 months prior to the date of the survey. Table 2
~tmajorityofthewaterfowlspecies presents the summary statistics on all outdoor recreation trips taken in the
~liforniaDepartment ofFish and Valley during 1987 for the primary purpose of viewing birds. Table 2 also

oaquin, Stanislaus, Merced, Mad- presents the summary statistics for general purpose outdoor recreation trips

~,which comprise the geographi- taken in the Valley during 1987 in which the respondents viewed birds. This
category includes the data on trips both for the primary purpose of viewing
birds plus trips for all other recreational pursuits.

Table 2 is organized by county. Sample size is the total number of surveys
,_q doaquin Valley (includes returned specifying Valley counties as the trip destination. The table presents

the total number of trips to each county and the sum of all trips to the region.
Note that for primary purpose trips, data were available for only the Valley

Hunter-days                        counties of San Joaquin, Merced, and Fresno.
Because onlya percentage of the total California households were sampled,

~ 265,727 the data on trips must be expanded to an equivalent Statewide use level. The
,~. 255,816 estimated total trips in table 2 expands the trips per region to account for the
~ 308,016 difference between the actual population size of California and the size of the
~ NA sample.
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would you still visit the site?"
Table 2. Estimated total general purpose recreational trips during which each survey.
wild birds were seen and estimated total trips for the primary purpose of With close-ended willingn,
viewing birds by Californians in 1987. willingness-to-pay is a two-ste

Primary General which is equivalent to an inve~

purpose purpose of a "Yes would pay SX" resF
trips Sample size trips Sample size ($X) as the independent varia

which the statistical equation

San Joaquin 23,430 3 487,344 8 ent, or left-hano"side variable

Stanislaus 159,324 8 assigned a value of I and a "n

Merced 166,353 4 185,097 5 perform regressions on willin
Madera 107,778 7 mous "yes" or "no" answer. C
Fresno 23,430 2 149,952 13 that curve, which is the expec
Kings 65,604 5 under a logit regression funct
Tulare 318,648 34 The vertical axis of this two-din
Kern 260,073 15 increase in trip cost would be

The constant and the slop,
Total 213,213 9 1,733,820 95 integration program, which

willingness-to-pay for a trip,
Datasourc~" Nonconsumptive Wildlife Use Bird Survey. conditions; (2) 1.5 times more
Nota- Primary purpose trips data are available for only three Valley counties, and (3) twice as many birds se,

The estimated model is

[1] BCRPAY=f (BID, Bib
APPUCATION TO SAN JOAQUIN VALLEY

where: BCRPAY is the dichot
Benet’rts of Bird Viewing

BCRPAY= O no, will not
! 1 yes, will visitThe same survey used to estimate the number of bird viewing trips to the

Valley was also used to estimate the willingness to pay for the experience of
viewing wild birds. Close-ended CVM questions were used to estimate trip~ BID is the dollar amount of
values.

the average cost and the maximum willingness to pay for the[ seen.Specifically,
most recent trip were estimated for all Californians. The respondents weret INC is the recreationist’s an

asked: (1) What their approximate costs were for transportation, food, and TRIPS is Ihe number of rec

lodgingon their most recent trip when theysawwild birds and (2) if their annual where wild birds were seen.

expenses where SX higher, would they still visit that site? BSEEN is the number of bi

Unfortunately, the sample for the Central and San Joaquin Valley counties trip.
is so small that no reliable inferences can be made about the value of viewing BIFL is the influence that th

birds in this specific California region. Hence, the overall results for California the choice of what sites to visit.
must serve as a proxy for the San Joaquin Valley values.

The specific question asked is, "If your annual cost of visiting just this area
[the area of the most recent trip where wild birds were seen] increased by SX
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~
would you still visit the site?" The SX amount is the bid amount written into

"eereational trips during which each survey.
{ps for the primary purpose of With close-ended willingness-to-pay questions, the calculation of expected

willingness-to-pay is a two-step process. In the in-st step, a logistic regression,
which is equivalent to an inverse demand function, is estimatedwith probability

General of a "Yes would pay $X" response as the dependent variable and the amount
purpose ($X) as the independent variable. The legit model is an econometric model in

~ trips Sample size which the statistical equation has a limited dependentvariable, i.e., the depend-

487,344 8 ent, or left-hand side variable, consists only of zeros and ones. If a "yes" is

159,324 8
assigned a value of I and a "no" a value of 0, the legit model can be used to
perform regressions on willingness to pay questions that require a dichoto-

185,097 5 mous "yes" or "no" answer. Once this legit curve is estimated, the area under
107,778 7 that curve, which is the expected willingness-to-pay, is calculated. The area
149,952 13 under a legit regression function is estimated by integration of the function.
65,604 5

318,648 34 Thevertical axis of this two-dimensional area is the probability, that a particular

260,073 15 increase in trip cost would be paid by the respondent.
The constant and the slope, or log of the bid amount, are entered in an

integration program, which then calculates the expected value, or average
1,733,820      95                       willingness-to-pay for a trip, under each of three conditions: (1) Current

conditions; (2) 1.5 times more birds seen than under the current conditions;
-~Y" and (3) twice as many birds seen.~ three Valley counties.

The estimated model is

[1] BCRPAY=f (BID, BIFL, INC, BSEEN, TRIPS)

where: BCRPAY is the dichotomous answer.

BCRPAY= 0 no, will not visit the site.
her of bird viewing trips to the                             1 yes, will visit the site.
~ to pay for the experience of
;ms were used to estimate trip BID is the dollar amount of increased annual trip cost the outdoor recrea-

tiortist was asked to pay to visit the most recent site visited where wild birds were
seen.

!.,urn willingness to pay for the
,aians. The respondents were

INC is the recreationist’s annual household income ($).
TRIPS is t.he number of recreational trips to the most recent area visited

-~ for transportation, food, and ..... where wild birds were seen.
~4_1d birds and (2) if their annual BSEEN is the number of birds seen during the receationist’s most recenti that site? trip.
!d San Joaquin Valley counties BIFL is the influence that the potential of seeing wildbirds at a site has on
~de about the value of viewing the choice of what sites to visit.~e overall results for California
~-values.
A cost of visiting just this area
N were seen] increased by SX
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Table 3. Legit equation for maintenance of current conditions. The estimated value of v
recreational trips in the Val

Variable" Coefficient t-Statistic Mean Allb 1,733,820 trips (table 2); total
for bird viewing in the ValleyConstant -1.4734 -0.95023 1 primary purpose of viewingBid -8.8507 -8.1408 $30.22 estimate of the total annualBird influence 0.7495 2.7146 1.41 viewing birds cannot be madeIncome 0.4039 2.8310 $36,791.00 :

Birds seen 0.2926 3.2388 28.43
Trips -0.03616 -0.3425 3.04

: Demand for and Benefits
Note: 370 Cases where BCRPAY = 1; 163 Cases where BCRPAY = 0

aNote: the independent variables are in natural log form in the regression. Using hunter application d~
b Note: means are of the untransformed variables, willingness-to-pay calculated

1987-88 hunting season. D1
hunting season, 27,603 hunte

Table 4 presents the ~4_llingness-to-pay estimates for the three potential To estimate the demand fo~
levels of bird viewing. Since the number of birds seen was found to be positively model was estimated. The
related to willingness-to-pay, it is possible to calculate how WTP changes if the capita from a given zone (e.
number of birds to be seen was increased. As the results indicate, the respon- dependent variable. Howev,
dents are willing to pay more to see more birds, recreationists at any given dis~

As shown in table 4, trip benefits (economic values) do increase with the That is, observed visitation r~
number of birds to be seen. However, the principle of diminishing marginal consumption given the travel,
returns is evident here: each additional bird seen adds less additional enjoy-: 1977). However, in the case of
meat than the previous bird seen. For example, trip enjoyment increases by Joaquin Valley refuges, there
approximately $0.50 per additional bird seen up to a 50-percent increase and hunters desiring to go waterf~
then about $0.20 more per bird up to double the population (100 percent more and travel price are allowed t
birds). Since each bird seen is a public good available for all the visitors to view, California DFG by means of a
if there are 1,000 visitors a day viewing birds over a 10- to 20-day period, the underlying demand (rather th
aggregate benefits of additional birds could be several thousand dollars. as an outcome of the lottery)

per capita as the dependent
level that waterfowl hunters d

Table 4. Willingness to pay estimates for viewing birds in California use of applications meets the
under three different scenarios, case, would not. For more de

Annual Avg. No. of Net WTP No. Birds In addition to the seven Va
Total WTP THps Per Year Per THp Seen Per Trip TCM regression included five

Lodge, Sacramento, Sutter).
Current conditions Sl12.00 3 $37.33 28
50% more birds 135.00 3 45.00 42 [2] ln(APPLICATONSI/~
100% more birds 140.00 3 46.67 56

+ 0.23S[ln(HVST~)] +(
(z53)        (:
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~.rrent conditions. The estimated value of viewing birds is based on the total number of
recreational trips in the Valley in which birds were seen. This number ist-Statistic Mean AlP 1,733,820 trips (table 2); total value per trip is $37.33. The total annual value
for bird viewing in the Valley is then $64,723,500. Since data on trips for the-0.95023 1

-8.1408 $30.22 primary purpose of viewing birds exist for only three Valley counties, an
estimate of the total annual value of Valley trips for the primary purpose of2.7146 1.41

2.8310 $36,791.00 viewing birds cannot be made.

3.2388 28.43
-0.3425 3.04

Demand for and Benefits of Waterfowl Hunting
~ BCRPAY = 0
,~ in the regression.                                Using hunter application data, TCM demand curves were estimated and net

willingness-to-pay calculated for waterfowl hunting in Valley. refuges for the
1987-88 hunting season. During the October 1987 through January 1988
hunting season, 27,603 hunters visited these seven refuges.

~a_t~ for the three potential To estimate the demand for waterfowl hunting, avariation o f the usual TCM
:-~nwas found to be positively model was estimated. The traditional TCM demand equation uses trips per
.,!ate how WTP changes if the capita from a given zone (e.g., county) of origin to a particular site as its
:results indicate, the respon- dependent variable. However, one of the assumptions of TCM is that all

recreationists at any given distance are able to visit as frequently as they desire.
_¢alues) do increase with the That is, observed visitation rates are supposed to reflect the desired level of
--’ple of diminishing marginal consumption given the travel cost facing the hunter (Dv,~er, Kelly, and Bowes,
:,_ adds less additional enjoy- 1977). However, in the case of waterfowl hunting in the Central Valley and San
trip enjoyment increases by Joaquin Valley refuges, there is excess demand for permits. As a result not all
to a 50-percent increase and hunters desiring to go waterfowl hunting in the refuges at the current permit
~pulation (I00 percent more and travel price are allowed to do so. The excess demand is rationed by the
~!e for all thevisitors to view, California DFG by means of a lottery. As an approach to account for the real,
~ a 10- to 20-day period, the underlying demand (rather than just that portion of demand actually realized
;oral thousand dollars, as an outcome of the lottery) applications per capita is used rather than trips

per capita as the dependent variable. Applications reflect the participation
level that waterfowl hunters desire at current permit and travel prices. Thus,

,~g birds in California                     use of applications meets the assumptions of the TCM whereas trips, in this
case, would not. For more details see Loomis, 1982.

Net WTP No. Birds In addition to the seven Valley refuges (listed in table 5), the data set for the
Per Trip Seen Per Trip TCM regression included five Central Valley refuges (Colusa, Delevan, Gray

Lodge, Sacramento, Sutter). The estimated model is :
$37.33 28
45.00 42 [2] ln(APPLICATONSIjNOP,)=-24.277- 1.406[In(TWOWYDIST~j)]
46.67 56 (-7.77) (-15.25)

+ 0.235[ln (HVST~)] + 0.733 [In (AVINCOME~)] + 1.301[ln(WATERj)],
(2.53)        (2.33)           (9.96)
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RZ= 0.607, F = 102.23, observations = 270. tation costs per mile is $.172 f
Numbers in parenthesis are t-values for the likelihood that there i

hunter in the vehicle will pay
where, $.172 pervehicle-mile is divid

APPLICATIONS/POP is the per-capita number of applications
per vehicle, which is assume,

The opportunity cost of tr
TWOWYDIST is the two-way trip distance from the hunter’s resident drives have onvisiting more o.

county i to the refuge. This variable is the price (in terms of distance traveled) costs. For example, many hi
of visiting a refuge, gasoline to drive an addition

HVST is the average of the monthly total waterfowl harvest in the previous time cost in terms of other act
season, i.e., in the 1986 season, for theopportunitycost ofti~t

AVINCOME is average hunter income, which demonstrated that the
WATER is total ~ter supplied (acre-feet) to the refuge’s wetlands during equaled between one-fourth

the hunting season. This ~-ariable is a proxy for the amount of waterfowl habitat U.S. Water Resources Cou,
at a refuge, lowed, with theopportunityo

The Rz is quite high for a cross-sectional TCM regression. In addition, all rate. The calculated opportu,
the coefficients are of the expected sign, and all are significant at the 5-percent variable cost per mile per hu
level or higher. With the double-log mot

The equation v,~s estimated in the double-log form for a number of reasons, conservative, the top of the .~
The most important reason for choosing a log model is that past research has ,. maximum observed trip dist~
shown that taldng the natural log of the applications per capita minimizes two under this curve starting at th,
problems that arise ~Sth a linear model. First,with the log model the possibility is the net willingness to pay, ~
of predicting negative applications per capita from distant counties is elimi- willing to pay above the actu
hated. Second, heteroskedasticity associated with zones of different popula- The total consumer surpll
tion sizes is minimized using the log of the dependent variable (Strong, 1983 of that site’s consumer surpl~
and Vaughan et al., 1982). The double-log modelwas selected over the semilog days (U.S. Department of Ir
form as it proxSded a better statistical fit to the data. Because the model is consumer surplus across all:
estimated in double-log form, the coefficients are elasticities. Except for the consumer surplus per hunter
coefficients on distance and total water use, all the elasticities are inelastic. San Joaquin NWR’s and wild

From the per-capita demand equation, each site’s second stage demand equation [2] tends to underes
curve was calculated. Because the price variable in the per-capita demand conservative side.
equations is scaled in terms of miles instead of dollars, the area under the From table 1, the total nu~
second stage demand curve represents willingness to "pay" by traveling addi- public areas in the Valley is 2
tional miles. In order to calculate net economic values in dollars, the hunter’s Survey, published annually b-
additional willingness to "pay" by traveling additional miles must be converted areas are assumed to have a si
to willingness-to-pay in dollars. This involves multiplying the added distance areas listed above, this figu
by a cost per mile. This travel cost per mile is the sum of two components: surplus value of $55.41, yield
vehicle operating cost per mile and value of travel time. $16,475,074. In the next se,

Converting the added willingness-to-pay from miles into dollars follows the estimate how waterfowl hunti
approach suggested in the U.S. Water Resource Council procedures (1979, nation control.
1983) of using (1) one-third the wage rate as the opportunity cost of travel time
and (2) variable automobile costs. For a midsize vehicle, the variable transpor-

-
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tation costs per mile is $. 172 for fuel and repair costs (Hertz, 1986). To account
for the likelihood that there is more than one hunter per vehicle and that each
hunter in the vehicle will pay his or her share of the vehicle operating costs, the
$.172 per vehicle-mile is divided by the average number of hunters (passengers)
per vehicle, which is assumed to be 2.41 hunters (Sorg, 1987).

bet of applications The opportunity cost of travel time reflects the deterrent effect that longer
. from the hunter’s resident drives have on visiting more distant sites, independent of the vehicle operation
in terms of distance traveled) costs. For example, many higher income people could afford the extra $8 of

gasoline to drive an additional 2 hours, but could not "afford" the additional
:rfowl harvest in the previous time cost in terms of other activities forgone. The hourlywage is used as a proxy

, for the opportunity cost of time. This is based in part on work by Cesario (1976),
which demonstrated that the opportunity cost of time in commuting studies

the refuge’s wetlands during equaled between one-fourth and one-half the wage rate. In the current study,
~amountofwaterfowlhabitat U.S. Water Resources Council Principles and Guidelines (1983)were fol-

lowed, with the opportunity cost of time calculated as one-third ofaveragewage
"~ regression. In addition, all rate. The calculated opportunity cost per mile is $0.1282 for this data set. Total
esignificant at the 5-percent variable cost per mile per hunter is then $0.1282 + S0.172/2.41 = $.20.

With the double-log model, trips can never fall to exactly zero. To be
~_,_,m fora numberofreasons, conservative, the top of the second stage demand curve v-as truncated at the
~el is that past research has maximum observed trip distance, which was 1,000 round-trip miles. The area
~ per capita minimizes two under this curve starting at the base value and ending at a distance of 1,000 miles
~ the log model the possibility is the net willingness to pay, or the amount the sampled ~teffowl hunters are
~ distant counties is elimi- willing to pay above the actual amount paid.
Ix zones of different popula-

The total consumer surplus for each of the seven Valley sites is the product
,,lent variable (Strong, 1983 of that site’s consumer surplus per hunter day and the total number of hunter
-:~s selected over thesemilog days (Ij.S. Department of Interior, 1987) at that site. The sum of the total
data. Because the model is consumer surplus across all seven sites is $3.2 million. TabIe 5 presents the
~ elasticities. Except for the consumer surplus per hunter day and the total consumer surplus per site for the,~ elasticities are inelastic. San 3oaquin NWR’s and wildlife areas examined in the survey. As the demand
site’s second stage demand equation [2] tends to underestimate total trips, the benefit estimates err on the
~ in the per-capita demand conservative side.
dollars, the area under the From table 1, the total number of waterfowl hunting
~ to "pay" by traveling addi- public areas in the Valley is 265,727 (source: Repor~ of the Game Take Hunter
,!u_~ in dollars, the hunter’s Survey, published annually by the California DFG.) If hunters at all wildlife
,~_M miles must be converted areas are assumed to have a similar hunting experience as hunters at the public
!dplying the added distance areas listed above, this figure can be multiplied by the average consumer
~e sum of two components: surplus value of $55.41, yielding a total annual value for ~terfowl hunting of
~ time. $16,475,074. In the next section of this chapter, the model will be used to
3i!_~s into dollars follows the estimate howwaterfowl huntingbenefits change withv,zter levels and contami-
Council procedures (1979, nation control.
i:~3rtunity cost of travel time
¯ ~icle, the variable transpor-
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Table 5. Consumer surplus per hunter day and total consumers for the collected that year for coo,,’
1987-88 season for selected San Joaquin Valley wildlife areas, the Valley (geese do not br

that 11.5 percent of the tota
Consumer Surplus Hunter Total Consumer winter coot population are

Refuge per Hunter-Day Days Surplus that of the ducks and cot
percent, respectively, wereKesterson NWR $37.19 3,900 $145,041 Using the embryotoxicitSan Luis NWR 51.11 9,000 459,990 harvested ducks and coots

Merced NWR 43.46 1,700 73,882 nium levels to nonlethal c~
Volta WA 60.01 3,500 210,035 possibility of compensatoi
Los Banos WA 62.98 3,500 220,430 magnitude), it is assumed
Mendota WA 63.74 31,723 2,022,024 embryos or chicks and the
Kern NWR 69.36 1,300 90,168 chicks would have survived

more detailed embryo or cl
Average $55.41 Total 54,623 $3,221,570 ages, which are the percent:

embryos or chicks, are assu
fora clutch of eggs. This p
estimate of the increase in

EFFECTS OF AGRICULTURAL DRAINAGE ON THE ECONOMIC nonlethal levels of the
BENEFITS OF WATERFOWL HUNTING adjustment is made for the

fowl that inhabit the refuge
The primary, harm to wildlife in Valley refuges from agricultural drainage is on this topic.

associated with the high concentrations of selenium in much of the drainage Using the figures cited ~
water. Although selenium is a necessary nutrient for life, high concentrations in 1986, 51 ducks and 1 coot
have been implicated in waterfowl deformities and death. At Kesterson NWR, selenium level to a nonle
which used agricultural drainage as a major source of water supply, high increase) would have been ~
selenium levels were lethal to a large percentage of the waterfowl population, equation [2], fields a 1.4-p,
In general, most of the refuges listed in table 5 now receive little agricultural This percentage increase i_
drainage, and correspondingly, have nonlethal levels of selenium, sample expansion of Kestei

Ohiendorf (1989) estimated the frequency of embryotoxicity (dead or increase in hunter visitatio
deformed embryos or chicks) attributable to selenium levels in nesting aquatic Assuming a 100-year hori
birds at the Kesterson refuge for the period 1983-85. In 1983 (the only year for discount rate used byFede~
which coot data is available), 64.4 percent of coot nests had one or more dead increase in consumer surp
or deformed embryos or chicks. For the period 1983-85, an average of 34.9 waterfowl hunters visiting
percent of duck nests had one or more dead or deformed embryos or chicks, preceding valuation techni,
Estimated reductions in these death and deformity figures are used to deter- An increase in the tota
mine the increase in w-aterfowl hunting benefits at Kesterson associated with resulting from a decrease i,
reducing selenium concentrations to nonlethal levels. To do this, the 1986 be added to this figure. ~
waterfowl harvest data used to estimate equation [2] was separated into duck, addition difficult at this ti,
geese, and coot components, which were 94.4 percent, 2.0 percent, and 3.6 quantifies the option and
percent of total 1986 harvest, respectively, for the Valley refuges (DFG, 1986 wetlands and of reducing x.
Waterfowl Hunting Season Report). Using DFG-estimated 1989 breeding
population data for the Valley refuges (1986 data were not used as data were not
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~d total consumers for the collected that year for coots), the percent of harvested ducks and coots bred in

c’j wildlife areas, the Valley (geese do not breed there) is estimated. The above figures suggest
that 11.5 percent of the total winter duck pop ula tion and 3.9 percent of the total

,~_nter Total Consumer winter coot population are bred there. It is reasonable to assume, therefore,
J~ys Surplus that of the ducks and coots harvested in Kesterson, 11.5 percent and 3.9

percent, respectively, were bred there.
;,900 $145,041 Using the embryotoxicity figures listed above, the increase in the number of
-’,000 459,990 harvested ducks and coots bred at Kesterson attributable to decreasing sele-
,’/IX) 73,882 nium levels to nonlethal concentrations is calculated. Without factoring the
;,500 210,035 possibility of compensatory mortality (due to a lack of information on its
~,500 220,430 magnitude), it is assumed that the 64.4 percent of dead or deformed coot
:,723 2,022,024 embryos or chicks and the 34.9 percent of dead or deformed duck embryos or
..300 90,168 chicks would have survived at nonlethal selenium concentrations. For want of

more detailed embryo or chick mortality data, the dead or deformity percent-
~,623 $3,221,570 ages, which are the percentages of all nests with one or more dead or deformed

-- - - embryos or chicks, are assumed to be the total death or deformity percentages
for a clutch of eggs. This plus the preceding assumption may lead to a liberal
estimate of the increase in native waterfowl population due to a decrease to

-ON THE ECONOMIC nonlethal levels of the selenium concentration. On the other hand, no
adjustment is made for the possible decrease in reproductive ability of water-
fowl that inhabit the refuge in winter but breed somewhere else as no data exist

from agricultural drainage is on this topic.
~um in much of the drainage Using the figures cited above, of the 509 waterfowl harvested in Kesterson
t for life, high concentrations in 1986, 51 ducks and I coot were estimated bred there. With a reduction in the
d death. At Kesterson NWR, selenium level to a nonlethal concentration, 538 waterfowl (a 5.7-percent
3urce of water supply, high increase) would have been harvested there. Substituting this harvest figure into
of the waterfowl population, equation [2], yields a 1.4-percent increase in Kesterson hunting applications.
~ow receive little agricultural This percentage increase translates into an increase of 55 hunter days in the
.eels of selenium, sample expansion of Kesterson hunter visitation figures from table 5. With this
of embryotoxicity (dead or increase in hunter visitation, the total consumer surplus increases by $2,030.
¯ ,ium levels in nesting aquatic Assuming a 100-year horizon for this increased surplus and an 8-percent
°05. In 1983 (the onlyyear for discount rate nsed by Federal water resources agencies, thepresentvalue ofthis
t nests had one or more dead increase in consumer surplus is $25,400. Note that this is the value only to ’
,1983-85, an average of 34.9 waterfowl hunters visiting Kesterson. It is provided as an example of how the
5eformed embryos or chicks, preceding valuation technique can be applied rather than ~ a definitive value.
,by figures are used to deter- An increase in the total economic benefits of bird viewing at Kesterson
at Kesterson associated with resulting from a decrease in selenium concentration to nonlethal levels should
levels. To do this, the 1986 be added to this figure. A lack of Kesterson bird viewing data makes this
, [2] was separated into duck, addition difficult at this time. However, Loomis et al.’s chapter in this book
~ercent, 2.0 percent, and 3.6 quantifies the option and existence values to all members of society of Valley
e Valley refuges (DFG, 1986 wetlands and of reducing Valley contamination.
:G-estimated 1989 breeding
~.’ere not used as data were no t
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CONCLUSIONS                                                             Cummings, R.; Brookshire, D.;
Goods: An Assessment of thThe Valleyis heavily used forwaterfowl hunting and wildlife viewing. While Allanheld, NJ.these recreational activities at National wildlife refuges and State wildlife Dwyer, J.; Kelly, J.; and Bowes,management areas are nonmarket goods, the economic values have been of the Contribution of Recre,~

quantified in this chapter using the travel cost and the contingent valuation search Report No. 128, W~
methods. Waterfowl hunting at the seven public refuges and wildlife areas is Urbana.worth $3.2 million annually. This value was found to be statistically related to .lust, R.; Hueth, D.; and Schmwaterfowl take, which in turn can be impacted by habitat contamination. By Public Policy. Prentice Hal!linking reductions in contamination to increases in waterfowl breeding popu- Loomis, J. B., 1982. Use of Tra~lations at Kesterson NWR, an estimate of added benefits to waterfowl hunters Recreation: Application to !
can be computed for reductions in contamination. The same basic linkages 14, pp. 117-124.
apply to estimating the added wildlife benefits to viewers, but lack of viewing Ohlendorf, H. M., 1989. Bioa,_
data for Kesterson prevented such a calculation. However, the benefits to other Selenium in Agriculture and
members of society of wildlife throughout the Valley is quantified by Loomis ica and American Society o
et al., in a subsequent chapter of this book. Even though some values for Randall, A. and Stoll, .l., 1983.Kesterson wildlife could not be quantified, this chapter demonstrated how work. In: Rowe, R. and (
recreational use related to wildlife could be quantified and linked to agricul- Resources at National Park..
tural contamination issues. More precise estimates of the economic effects Sassone, P. and Schaffer, W., 1await better biological data of onsite and offsite contamination effects on demic Press, New York,migratory birds. Schulze, W.; D’Arge, R.; and

Commodities. Some Rece,
172.
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